Introduction
Rice (Orizasativa L.) is among the most vital foods in Asia, particularly, Malaysia. Nevertheless, certain obstacles hindered Malaysia's food security to be achieved due to many reasons -the paddy field area remained unchanged more than 40 years ago, rapid growth of population resulted to advance domestic demand for rice (1.5 to 2.4 million tonnes), raised the import of rice from 167,000 to 1,070,000 tonnes, the falling of Malaysia's self-sufficiency in the previous decades up to 63% despite the yield increased by the conventional modern agricultural practices, as well as yearly decline in number of people participating in rice farming (CIIFAD, 2014a) . These showed that there is a great challenge for increasing rice yield in order to achieve food security, through using of new methods and cultural systems in rice farming. SRI is an innovative methodology which increases rice yield by altering the management of soil, nutrients, plants and water (CIIFAD, 2014b) . The components of SRI as stated by Satyanarayana et al. (2007) , comprise of transplanting young seedling of less than 15 days old, single seedling per hill, wide planting geometry of 25 × 25cm or more, and moist soil condition at the vegetative stage. SRI has numerous advantages over the conventional system of rice farming. It increases rice grain yield by at least 50% (Lin et al., 2005) , save seeds by at least 80 -90% (Miyazato et al., 2010) , save water by at least 50% (Satyanarayana et al., 2007) , as well as reducing the cost of rice production (Tech, 2004) .
The most important problem of SRI is weed infestation (Haden et al., 2007) due to the alternate wetting and drying (Krupnik et al., 2012) , wider planting geometry of single seedling (25 × 25cm or more) and aerobic or moist environment (Singh et al., 2012) . Study shows that weed competition in SRI farming has a significant influence in reducing the rice yields (Krupnik et al., 2012) . Similarly, study reported that SRI yield reduction due to weed competition is up to 69.15% (Babar and Velayutham, 2012a) . Water productivity which is one of the benefits of SRI is significantly reduced up to 38% compared to weed free plots (Krupnik et al., 2012) . This may be due to the influence of transpiration by the weeds in the non-weeded plots. Water, nutrients, sunlight and carbon dioxide are the main factors for which rice crops and weeds compete (Babar and Velayutham, 2012a; Babar and Velayutham, 2012b) . SRI farming uses various methods of weed control such as competitive rice cultivars, flooding (Haden et al., 2007) , herbicides application, hand weeding, mechanical weeding, mulching as well as integrated weed management (Latif et al., 2005; Randriamiharisoa, 2002) with different degree of success.
Presently, manual hand row weeder can be able to remove the weeds up to 40 days after transplanting (DAT), but is labour intensive. Row weeding machine solved the problem of the intensive labour, but it can only be able to work in SRI fields up to 30 DAT due to the lateral vegetative part of the rice crops, which is being damaged by the row weeding machine (Haden et al., 2007) . Furthermore, due to the width of the weeders, it is not able to remove all the infested weeds within the rows, leading to harmful competition to the plants (IRRI, 2014) . After the weeding operations using manual weeder or row weeding machine some of the weeds are able to regrow from their roots, particularly, rhizomatous weeds (IRRI, 2014) . One of the added advantage of mechanical weeder is aerating of the soil during the weeding operation (Babar and Velayutham, 2012b) , which allows oxygen to circulate within the soil (Dobermann, 2004) . This added advantage of soil aeration can also be produced naturally by movement of soil microbe within the soils like tunneling of the soil to produce burrows by earthworm, which allows air to circulate deeper in to the soil, encouraging microbial nutrients cycling at deeper soil levels as well as deeper plant roots penetration into the soil section with higher moisture content (Bioflora, 2013) . Earthworm also distributes nutrients and organic matter all over the soil region, produces higher soluble nutrients (worm cast) more than the original soil, secretes stimulant for plant growth, process 200 tonnes of soil per acre. Earthworm can survive in the absence of tillage operations, because frequent tillage can reduce 90% of the number of worm, burying the crop residue they feed on, destroy the vertical worm barrow and kill the worm outright (Bioflora, 2013) .
SRI farming systems produced sustainable rice straw more than the required amount of rice straw that will cover the soil surface where 9.696 t/ha was (Prabha et al., 2011) and 8.261 t/ha (Babar and Velayutham, 2012) were reported, respectively. Research showed that 4 tonnes of rice straw can be used as soil cover on 1ha of land (Devasinghe et al., 2011) . Rice straw can stay long in the field due to higher lignin and silica contents as well as low protein and digestibility (Hanafi et al., 2012) . It has being identified as future natural herbicides because during its degradation (El-Shahawy et al., 2006; Kato-Noguchi and Ino, 2005) it releases phenolic compounds (caffeic, cinnamic, ferulic, p-coumaric, o-cowmaric and p-hydroxybenzoic acids) as the allelophathic compound (Chung et al., 2003; El-Shahawy and Zydenbos, 2010) for weeds suppression (Chung et al., 2003; Devasinghe et al., 2011) . Rice crop vegetative part at maturity stage contains about 40% of nitrogen, 30-35% of phosphorus, 80-85% of potassium and 40-50% of sulphur (Hanafi et al., 2012) . Thus, the nutrients contents of the rice straw will be recycled and used as organic fertilizer (Nader and Robinsons, 2010 ) as well as feeds for feeding the soil microbes (Bioflora, 2013) in the SRI fields, which increase the fertility of the soil especially potassium and nitrogen (Bird et al., 2002) . Therefore, it leads to less application of nitrogen, less cost of production as well as low water pollution potential (Bird et al., 2002) .
Information on weed control up to 40 DAT without damaging the lateral vegetative part of the SRI crops and at the same time conserving soil moisture content is crucial. The objective of this research is to evaluate the influence of straw mat known as "SRImat" and commercialized black plastic (CBP) on weed growth and seedling behaviour in SRI farming. This research aims to develop an effective and sustainable weed control strategy as well as seeking the possibility of minimizing moisture loss through transpiration by the weeds in SRI field.
Materials and methods

Experimental design
Experiment was conducted in the research field at Ladang 2, Universiti Putra Malaysia (UPM). A randomized complete design (RCD) with five treatments and three replications were used in the experiments. The total plot area is 20 m 2 and the size of each treatment plot was 1 m 2 . The treatments comprise of two mulching materials (CBP and SRImat) as soil cover. Rice straw was collected from SRI farm at TanjungKarang, Selangor. The straw was first ground using Snova 3 horse power (HP) and 38,000 revolution per minute (RPM) super heavy duty commercial Blender (model SB2L), and then the ground straw was sieved through 19.54 mesh count per inchto reduce the small particles. Afterwards, 9.8 kg of the straw was measured, distributed uniformly in 1m 2 plastic net and then followed by sewing using thread and needle in order not to allow the movement of the straw in the net. The amount of rice straw used in the making of the SRImat was calculated at the rate of 4 tonnes ha -1 . The CBP was collected from the Institute of Tropical Forestry and Forest Products (INTROP) at UPM. The SRImat and the CBP were perforated with a space of 25 cm 2 for transplanting of single seedling per hillat 25 × 25 cm. The seedlings were raised with MR219 rice seed variety using newly developed single seedling tray which was recently produced. The treatments plots were five treatments and three replications (Table 1) . The experimental field was prepared manually with a hoe after two days irrigation and then the soil was irrigated again followed by rough leveling. The SRImat and the CBP were laid in the moist field using the RCD design as calculated statistically. Single seedlings were transplanted using 8 days old seedlings. The field was irrigated at the depth of 2-3cm using alternate wetting and drying (AWD) i.e. application of water to the field after the appearance of hairline cracked (Sinha and Talati, 2007; Uphoff, 1999) by the soil surface. The experiment was conducted under natural fertility of the field without applying insecticide and fertilizer.
Observations and measurements
Three types of weed were categorized as sedge, grass and broadleaf. Sedges have solid stems with cross sections as triangular, the leaves are long, flat and narrow which are arranged in set of three, and the roots have fibrous roots system, tubers as well as stolon or rhizomes for plant to grow (UC IPM, 2014). Grasses have narrow leaves, parallel veins, arranged in set of two; stems are usually rounded or flatten and hollow excluding the nodes where the leaves joined. Grasses have collar, ligules, sheaths, auricles, stolon or rhizomes and flowers (UC IPM, 2014). Broadleaves have single main vein with branches and wider leaves than sedges and grasses, and also different leaves arrangement, edges, shapes, vein and stalk as well as different grow habit (UC IPM, 2014). Number of tillers and weeds were collected at 24 DAT. The number of tillers was counted from 4 hills m -2 from each plot. The weeds sample was collected from 30 × 30cm to determine the weed density and dry weight. The weed samples were classified based on weed class (sedges, grasses and broadleaves), counted and dried for 48 hours at 70°C in an oven (Devasinghe et al., 2011) .
Calculations and analysis
Weed density were computed using weed density ratio (WDR) Eq. (1). The contribution of the weed type to the weed community was determined using summed dominant ratio (SDR) computed using relative density (RD) and relative dry weight (RDW) as in Eq. (1) (Bhager et al., 1999 
whereT dc = dry weight of weeds in non-treated plots, T dt = dry weight of weeds in treated plots, T c = number of weeds in non-treated plots, T t = number of weeds in treated plots
The data collected was analysed using analysis of variance (ANOVA) with SPSS statistical analytical package (version 21). Mean were compared using Duncan assumption to detect the significant differences among the various treatments.
Results and discussion
Weed density
There were variations in both the densities of different weed classes and total weed density (Table 2) . Considering the weed classes, this study showed that sedges had the highest weed density in all the treatment than in grasses and broadleaves. Similar findings were also reported by (Haden et al., 2007) with sedges indicating the highest number in two of his experimental plots on all the three classes. The SRImat gave the least sedges weed density (29.33 m -2 ) while the unmulched treatments gave the highest sedges weed density (1584.00 m -2 ). This showed that SRImat can effectively suppress sedges weeds followed by CBP than the unmulched plots. However, there were no significant differences in sedges weed density between T2, T3, T4 and T5. Weed control at 24 DAT using SRImat and CBP mulched were significantly (P ≤ 0.05) showed least weed density compared to the unmulched plots (Table 2) . Similar results were also reported (Ramakrishna et al., 2006 ) on significant least weed infestation on polythene and straw mulched plots than unmulched plots. SRImat gave the least total weed density ratio followed by CBP whereas the unmulched treatment has the highest weed density ratio as shown in Fig. 1(a) . This shows that the application of SRImat was effective in the reduction of total weed density followed by CBP than the unmulched plots. The effectiveness of SRImat on weed suppression may be due to the phenolic compounds released by the rice straw during its decomposition (Chung et al., 2003; El-Shahawy and Zydenbos, 2010) as allelophatic compound for weed suppression (Chung et al., 2003; Devasinghe et al., 2011) . Plot without soil cover (T1), CBP with 0.19mm thickness (T2), CBP with 0.57mm thickness (T3), CBP with 0.95mm thickness (T4), SRImat with 2.0mm thickness (T5). Note: Means followed by different alphabet along the same column are significantly different at P≤0.05. 
Weed dry weight
Soil cover in SRI field was found to affect dry weight of all the weed classes at 24 DAT in both SRImat and CBP mulch treatments (Table 3 ). The plots without soil cover showed abundant variety of weed classes than the covered plots. Mean dry weight of sedges (13.5667) was higher than both grasses (1.1367) and broadleaves (1.4667) in plots without soil cover (T1). A similar result has been reported on higher mean dry weight of sedges than both grasses and broadleaves in non-weeded plots (Haden et al., 2007) . It was also recorded that the soil cover significantly (P ≤ 0.05) reduced the dry weight of all the weed classes (sedges, grasses and broadleaves) compared to the plots without soil cover.
Total weed dry weight at 24 DAT showed significant (P ≤ 0.05) differences among the treatments due to SRImat and CBP mulch (Table 3) . However, there were no significant differences in total weed dry weight of all the weed classes between T2, T3, T4 and T5. But the SRImat plot gave the least dry weight (0.2567) while the plot without soil cover gave the highest dry weight (16.1700) as shown in Table 2 . Therefore, the application SRImat cover was effective in weed suppression on growth and development of weeds in SRI farming due to the significant lower total weed dry weight at 24 DAT ( Fig. 1(b) ). This may be due to the allelophatic influence of SRImat on progression and development of the associated weeds. The allelophatic influence may be due to the release of phenolic compound by rice straw in the soil which leads to suppression of weed growth (Chung et al., 2003; Devasinghe et al., 2011; ElShahawy and Zydenbos, 2010) . Study showed that the most effective way for suppressing the most problematic weed in rice farming is by using rice straw mulch (Chung et al., 2003) . 
Summed dominance ratio and weed control efficiency
The most abundant and dominant weed classes among all the treatments in the SRI field were sedges, due to the highest summed dominance ratio (ranging from T1 to T5; 81.04%, 65.77%, 74.43%, 62.15% and 92.50% respectively) than both the grasses and broadleaves as shown in Fig. 2(a) .
Weed control efficiency was determined using weed dry weight ratio which shows the degree or effectiveness of reducing the weed dry weight of the different treatment plots. Weed dry weight ratio showed significant differences at P≤0.05 between the plots without soil cover T1 and the other treatments (T2, T3, T4 and T5) (Fig. 2(b) ). Significant (P≤0.05) differences also exist between treatment T5 and treatment T2 and T3, but no significant difference exist with treatment T4 (Fig. 2(b) ).The SRImat soil cover indicated the best result (98.53%) among the all treatments, followed by the CBP treatments (T2; 93.19%, T3; 92.20%, and T4; 94.18%). The least weed control efficiency (0%) was shown by plots without soil cover (T1). The study revealed that SRImat had the highest degree of weed suppression than the CBP and unmulched treatment due to highest weed dry weight ratio of SRImat plot (Fig. 2(b) ).
Seedling behaviour
The transplanted seedlings were able to grow well despite the changing of the environmental condition of the SRI field due to the influence of SRImat and CBP soil cover treatments as shown in Fig. 3(a) . The efficiency of the weed control treatments in T2, T3, T4 and T5 had made the number of tillers per hill to be significantly higher than T1 (Fig. 3(b) ) due to less competition between the weeds and the rice crops in term of nutrients, water, light and carbon dioxide.
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Conclusions
This research showed that the use of SRImat mulch was effective in weed control under SRI farming. Dominance weed classes among the weeds in all the treatment were sedges based on summed dominance ratio in all the treatments. SRImat treatment had the lowest weed density, weed density ratio, weed dry weight, and highest weed control efficiency 98.50% indicating the effectiveness of SRImat on weed suppression. All the planted seedlings were able to grow well in good health condition. Due to increase in weed density, weed dry weight, highest weed ratio and lowest weed control efficiency 0% in the control treatment T1, seedling behaviour such as number of tillers of the rice crops was significantly reduced. This study will improve the existing water saving in SRI farming due to less transpiration by the weeds, recycled nutrients, feed the soil microbes and environmentally friendly.
